Abstract Vitamin D is recognized to serve a wide range of biological functions. The presence of vitamin D receptors on different tissues explains it's diversity of actions. Reduced levels of vitamin D is associated with insulin resistance and increased diabetes risk. The study included 50 normal healthy individuals and 49 type 2 diabetes subjects. Fasting blood glucose, total cholesterol, triglycerides, HDLc, fasting insulin, parathyroid hormone, calcium, albumin and Homeostasis model for assessment of insulin resistance (HOMAIR) were measured in all the study participants. Type 2 diabetes subjects were divided into group 1 with 25 hydroxy vitamin D (25(OH)D) B20 ng/ml and group 2 with 25(OH)D [20 ng/ml. By the results of this study, the mean 25(OH)D level was low (20.09 ng/ml) in type 2 diabetes compared to controls (23.89 ng/ml) and the p value was 0.02. The estimated insulin resistance by HOMAIR was more in group 1 than in group 2 of diabetes with p value of 0.037. The Pearson's correlation-coefficient was negative for 25(OH)D and insulin in type 2 diabetes (r = -0.294), 25(OH)D was negatively correlated with HOMAIR in total subjects. Type 2 diabetes subjects had reduced levels of vitamin D than normal individuals. The insulin resistance was more in vitamin D deficiency state. Hence vitamin D has a role in glucose metabolism, deficiency can result in insulin resistance and diabetes.
Introduction
Currently vitamin D is called as ''sunshine Hormone''. Major amount of vitamin D is synthesized by the skin on exposure to UVB rays (290-310 nm) [1] . Vitamin D endocrine system plays an important role in calcium and mineral metabolism. It is now recognized that vitamin D serves a wide range of biological functions [2] . The skeletal effects of vitamin D occur via endocrine mechanism. The other biological effects of vitamin D like cell differentiation, immune regulation and prevention of neoplastic transformation are due to paracrine/autocrine mechanisms. These diverse effects of vitamin D are due to distribution of vitamin D receptors (VDR) on 30 different tissues [3] .
There is a growing global concern about the deficiency of vitamin D [4] .The best marker for vitamin D status is 25 hydroxy vitamin D (25(OH)D).Accumulating evidence suggests that vitamin D deficiency is associated with increased risk for diabetes [5] [6] [7] . The prevalence of diabetes is increasing world wide. The estimated increase in India is 58 %, from 51 million in 2010 to 87 million in 2030 [8, 9] .Recent research on prevention of diabetes highlights the importance of modifiable risk factors, nutritional factors. One such factor is vitamin D, which is gaining lot of importance. Vitamin D deficiency is prevalent in India. In 1973, Hodgkin first published data regarding vitamin D deficiency [10] . Between 1995 and 2000, studies from north India proved the deficiency of vitamin D in our population [11, 12] .Subsequently south Indian studies also confirmed it [13] [14] [15] [16] .
Hypovitaminosis is a risk factor for glucose intolerance and diabetes. Pittas et al. summarized the role of vitamin D on glucose metabolism [17, 18] . Cross sectional and case control studies suggest an inverse association between vitamin D status, glucose intolerance and type 2 diabetes [19, 20] .This could be due the distribution of VDR on pancreatic beta cells, adipose tissue and skeletal muscle. Vitamin D status influences insulin secretion/insulin sensitivity. The effect of vitamin D on insulin secretion may be mediated by changes in intracellular calcium concentration in beta cells [21, 22] .Vitamin D improves insulin sensitivity by its anti-inflammatory activity. Vitamin D attenuates the expression of proinflammatory cytokines involved in insulin resistance (IR) such as interleukins, IL-1, IL-6, TNF-a, also down regulates NF-Kb (Nuclear factor) activity [23, 24] . Vitamin D deficiency impairs insulin sensitivity by increasing parathyroid hormone (PTH) levels [25, 26] .
Data regarding association of 25(OH)D with insulin resistance in Asians is very limited. A study from Chinese population proved the inverse association between 25(OH)D and increased risk of insulin resistance, metabolic syndrome [27] . Thus we intended to study the association of vitamin D deficiency with insulin resistance in south Indians. The aim of our case-control study was (1) to compare the levels of 25(OH)D in normal and diabetes subjects, (2) to evaluate the association of 25(OH)D with markers of insulin resistance such as fasting insulin, Homeostasis model for assessment of insulin resistance (HOMAIR).
Materials and Methods
The study population included normal healthy individuals without diabetes, hypertension, cardiovascular, cerebrovascular disorders as controls, and type 2 diabetes subjects as cases. Both males and females of mean age 45 years were included. Normal subjects were the staff of the institution, newly diagnosed type 2 diabetes subjects were recruited from the department of internal medicine. After the study was approved by the institutional ethics committee, informed written consent was taken from all the study participants. Through a standard questionnaire, personal and family history was elicited. History regarding the intake of calcium and vitamin D supplementation was taken, those subjects on supplementation were excluded from the study. Subjects with renal, hepatic, cardio and cerebro vascular disorders were excluded from the study as vitamin D metabolism can be altered by these diseases. Thyroid/parathyroid, cushings disease subjects were also excluded as these disorders will alter insulin resistance status. Female subjects with poly cystic ovarian disease were also excluded. After all the inclusion and exclusion criteria were met, 50 normal healthy subjects and 49 type 2 diabetes subjects were included in the study population as controls and cases respectively. Type 2 diabetes subjects were divided into two groups-group 1 with 25(OH)D B20 ng/ml and group 2 with 25(OH)D [20 ng/ml.
Fasting blood samples were collected from all the subjects for biochemical analysis. Serum and plasma were separated and stored at -20°C until analyzed as a batch. The fasting blood glucose (FBS), total cholesterol (TC), triglycerides (TGL), HDL-c, calcium, alkaline phosphatase (ALP), were measured by automated photometric method. Insulin and PTH were measured by automated chemiluminescence method 0.25(OH)D was measured by HPLC method. HOMAIR was calculated from fasting insulin and fasting glucose [28] .
Statistical Analysis SPSS 12.0 software (SPSS Inc; Chicago II USA) was used for statistical analysis. Continuous variables were expressed as mean ± SEM (standard error of mean). Student's t test was used to assess the difference between the cases, controls and different groups in diabetes. Binary logistic regression analysis was performed with study group (based on 25(OH)D) as dependent variable and other significantly associated variables as independent variables, p value \ 0.05 was considered significant. Pearson's correlation coefficients were used to assess the association between the continuous variables.
Results
The results of the variables between normal and diabetics were expressed as a bar chart (Fig. 1) . p value was significant for FBS(0.032), TC (0.0009), TGL (0.005), insulin (0.003), HOMAIR (0.0001), 25(OH)D (0.02). The analysis of the results between group 1 and group 2 of diabetics is given as mean ± SEM in Table 1 ; among all the parameters p value was significant for HOMAIR (p = 0.037), Insulin (p = 0.028). According to Fig. 2 there was a negative correlation between 25(OH)D and insulin resistance in total number of subjects, thus inverse association between 25(OH)D and insulin resistance was proved. Figure 3 shows the negative correlation of 25(OH)D and insulin in type 2 diabetes subjects.
Discussion
The results of the present case-control study explains that the mean 25(OH)D levels were low (20.07 ng/ml) in diabetes compared to controls (23.89 ng/ml). The levels of 25(OH)D [30 ng/ml is considered normal. The levels between 20 and 30 ng/ml are insufficiency and \20 ng/ml is defined as deficiency [29] . Hence vitamin D deficiency/ insufficiency was observed in the study group. This observation was supported by the study from Goswami et al. [12] .These findings explain that the insufficient vitamin D level is mainly due to the use of sun protective creams which decrease the penetration of UVB rays into the skin thus preventing the vitamin synthesis. The foods are not fortified with vitamin D and only a very few sea foods are rich sources, modern lifestyle habits limiting to indoor activity, are some of the reasons for deficient/ insufficient vitamin D levels.
The recent data from Australian diabetes, obesity and lifestyle study suggests that the 25(OH)D levels were low in diabetes subjects and there was inverse association between 25(OH)D and type 2 diabetes risk in their population [30] . From our case-control study, we observed decreased 25(OH)D levels in type 2 diabetes. The effects of vitamin D on glucose metabolism are mainly due to the distribution of its receptors (VDR) on pancreatic b cells, skeletal muscle and adipose tissue. Presence of 1a hydroxylase in b cells, the presence of vitamin D response element in the human insulin receptor gene promoter also influence the insulin sensitivity. The calcitriol directly activates the transcription of human Fig. 1 Comparison of the parameters in normal and type 2 diabetes subjects [35, 36] . According to Ely prospective study, the baseline 25(OH)D concentration was inversely associated with glucose, IR, metabolic syndrome risk at 10 year follow up [37, 38] . National health and nutrition examination survey III has also proposed the inverse association of 25(OH)D levels with HOMAIR [19] . The Asian study from Chinasuggested that reduced 25(OH)D was associated with metabolic syndrome and there was an inverse association of 25(OH)D with insulin resistance [27] . Consistent with the above findings, the present study also concludes that there was inverse association of 25(OH)D with HOMAIR and insulin. Insulin resistance was more with mean HOMAIR value of 9.12 in group 1 (25(OH)D \20 ng/ml) subjects compared to the mean HOMAIR of 5.32 in group 2. But the similar findings were not observed in normal subjects, which may be due several factors like small number of subjects, the data relating vitamin D with insulin resistance in normal subjects is very limiting in Asians. We require the large population based studies to prove the association. Asians should establish their own cut off values for serum vitamin D status, recommended dietary allowance of vitamin D. Now the revised dietary recommendations have to be implemented. In 2003 American academy of pediatrics committee on nutrition and section on breast feeding advocated 200 IU of vitamin D intake for children of all ages, but this will only prevent the rickets. But now the recommendation is 400 IU/day for children of all ages, and 600-800 IU for adults as per National Institute of Health guidelines [39] . Hence large population based and cross sectional studies are required in view of ongoing research on vitamin D effects on glucose metabolism.
Conclusion
Thus the present study concludes that the mean 25(OH)D levels in type 2 diabetes subjects is lower than normal individuals. The insulin resistance as measured by HOM-AIR is higher in type 2 diabetes subjects with 25(OH)D \20 ng/ml than in subjects with [20 ng/ml. Low 25(OH)D levels in diabetic patients can contribute to higher IR. Large population studies are required to validate the findings.
